Background: As a minimally invasive operation, kyphoplasty has become popular in the treatment of Osteoporotic Vertebral Compression Fracture (OVCF).
Introduction
steoporotic Vertebral Compression Fracture (OVCF) is the most common complication of osteoporosis and significantly impacts the quality of life of the affected population [1, 2] . Acute back pain is the primary manifestation of OVCF. The treatment of OVCF is mainly focused on the reduction of pain and management of the osteoporosis [3] .
Optimal sagittal alignment is essential for spinal biomechanical efficiency, as it reduces the energy expenditure by preserving a stable posture with improved load absorption. For this reason, the restoration of sagittal balance is one of the determining factors in the success of the therapeutic intervention of the spine [4] [5] [6] .
Local and global kyphosis in OVCF can change the sagittal spinal alignment, causing sagittal imbalance [7] . This condition exacerbates the pain and disability, which the patient is experiencing [4] . Thus, the restoration of sagittal balance is an essential part of OVCF treatment.
Kyphoplasty (percutaneous vertebral augmentation), as minimally invasive surgery, has become popular in the treatment of OVCF, as it dramatically relieves the fracture-associated pain and also restores the height of the vertebrae through the injection of the cement into the fractured vertebrae [8] . Kyphoplasty has also been found to improve the sagittal imbalance in the treatment of painful OVCF [9, 10] . However, researchers less investigated the impact of kyphoplasty on the correction of sagittal imbalance in OVCF patients.
Multidisciplinary conservative management is considered an essential primary means of treatment and mainly comprised bed rest, osteoporosis medication, brace immobilization, and physical rehabilitation [11] . However, there is no standard timing for appropriate conservative management and programs of 4-10 weeks have been suggested [12] . On the other hand, timing has been shown to matter in performing kyphoplasty, and the clinical and radiological outcomes have been mostly better in acute fractures than in chronic fractures [13] . However, to the best of our knowledge, no study has ever evaluated the effect of timing of kyphoplasty on the spinopelvic parameters of the spine.
In the present study, we aimed at evaluating the impact of kyphoplasty on the sagittal alignment of OVCF patients, as well as finding how its timing affects the parameters of sagittal alignment.
Methods
The review board of our institute approved the study, the patients before their participation gave their written consent. In the current prospective study, OVCF patients were recruited. They were referred to our center between January 2016 and June 2018 and underwent kyphoplasty. The patients with the history of spinal surgery and those with spinal deformities other than present condition were excluded from the study.
One senior surgeon performed all operations under the local anesthesia and cardiopulmonary monitoring. Kyphoplasty was performed on the prone position and through a transpedicular route on each side. After the inflation and deflation of the kyphoplasty balloon, poly(Methyl Methacrylate) (PMMA) mixture was injected into the affected vertebral body from both sides. The injection was monitored with a C-arm fluoroscopy unit. Before and after the operation, anteroposterior and lateral standing full-length alignment radiographs were obtained for all patients (Figure 1) ; they were used for the evaluation of the parameters of sagittal balance, including vertebral height, local and total kyphosis, coro-nal axis, Sagittal Vertebral Axis (SVA), Pelvic Tilt (PT), Lumbar Lordosis (LL), Sacral Slope (SS), and Spino-Cranial Angle (SCA). The evaluated parameters were, then, compared between the two groups of the patients; group A: acute OVCF (patients for whom the kyphoplas- Group A: operation performed at <1 month after the injury; Group B: operation performed at >1 month after the injury P<0.05 is considered significant ty was performed ≤1 month after the injury) and group B: chronic OVCF (patients for whom the kyphoplasty was performed >1 month after the injury) patients.
Statistical analysis
All statistical analyses were performed in SPSS V. 16 . The results of descriptive statistics were presented as Mean±SD or number and percentage. The paired t-test was used to compare (pre and post)operative parameters in each patient. The Independent t test was used for the comparison of spinal parameters between the two groups. The Pearson correlation coefficient or Spearman's rank correlation coefficient test was used for the evaluation of potential correlations. P-value of less than 0.05 was considered significant.
Results
A total of 46 OVCF patients, including 34(73.9%) females and 12(26.1%) males, were evaluated in this study. The Mean±SD age of the patients was 69.3±11.1 (range: 38-87 years). The Mean±SD time from injury to operation was 80.4±81 days (range: 3-360 days). All spinopelvic parameters of the patients except SCA were significantly improved after the kyphoplasty (Table 1) .
Kyphoplasty was performed at the acute phase of the injury for 18 patients (group A) and at the chronic phase of the disease for 28 patients (group B). The Mean±SD time from injury to operation was 22±10 days in group A and 118±84 days in group B. L1, L2, and T12 vertebrae were the most common sites of fracture in both groups. Multiple vertebral fractures were found in five cases of group A and four cases of group B.
The mean scores of improvement in total and local kyphosis were not significantly different between the two groups (P=0.83 and P=0.79, respectively). No significant difference was observed between the mean scores of improvement in SVA, PT, SS, SCA, vertebral height, and the coronal axis of the two groups, as well (P=0.85, P=0.98, P=0.29, P=0.9, P=0.11, and P=0.9, respectively). Meanwhile, a significant difference was observed between the mean value of LL improvement between the two groups (P=0.026). While the Mean±SD value of LL improved to 6.1±6.6º in group A and 0.92±7.86º in group B. Table 2 presents the spinopelvic parameters of the two groups.
A significant positive correlation was found between vertebral height restoration and SVA correction (r=0.315, P=0.033), as well as total kyphosis improve-ment (r=0.300, P=0.043). SVA was significantly correlated with total kyphosis correction (r=0.410, P=0.005), local kyphosis correction (r=0.370, P=0.011), and coronal axis realignment (r=0.581, P<0.001). Coronal axis change was positively consistent with total and local kyphosis improvement (r=0.387, P=0.008, and r=0.380, P=0.009, respectively). No other significant correlation was found between the evaluated parameters.
Discussion
Kyphoplasty dramatically relieves the fracture-associated pain and improves local kyphosis in OVCF patients [8, 14] . Recently, it has been shown that kyphoplasty not only plays a role in reducing pain but also improves the sagittal imbalance in the treatment of painful OVCF [9, 10] . However, as kyphoplasty is an almost new technique, many aspects of its implication are not wellknown, and further optimizations are needed to make the most of this valuable procedure. Among them, the timing of kyphoplasty is a matter of debate.
In this study, we aimed at finding how kyphoplasty affects the sagittal alignment of OVCF patients. Moreover, we aimed at investigating how the timing of kyphoplasty affected the spinopelvic parameters of sagittal alignment. In this respect, we divided the patients into two groups of acute and chronic patients based on the time of kyphoplasty before the injury or One month after the injury. According to our results, all spinopelvic parameters except SVA improved following the kyphoplasty. LL improvement was significantly more in acute OVCF. No other significant difference was observed between the spinopelvic parameters of the two groups after the kyphoplasty.
Many investigations have shown the impact of kyphoplasty on the pain relief of OVCF patients [8, [14] [15] [16] [17] . However, the effect of kyphoplasty on the sagittal imbalance of OVCF patients has been less studied. Kanayama et al. evaluated the effect of balloon kyphoplasty on the global spinal alignment in 46 OVCF patients. Based on their results, although kyphoplasty contributed to immediate pain relief, it did not improve the global sagittal spinal alignment. Accordingly, they concluded that kyphoplasty should be solely indicated for painful OVCF or non-union and not to restore sagittal alignment [10] .
Yokoyama et al. analyzed the alterations in total spinal alignment after kyphoplasty in 21 OVCF patients. After kyphoplasty, a significant reduction in SVA and a considerable increase in LL and SSA were observed in their patients, showing a shift towards anterior sagittal balance. Based on these observations, they concluded that kyphoplasty had a significant role in improving the sagittal imbalance in addition to pain relief in OVCF patients [9] . Similar to Yokoyama et al. study, the majority of spinopelvic parameters improved, following the kyphoplasty of OVCF patients in the current research.
Crandall et al. compared the impact of kyphoplasty on reducing pain and restoring vertebral body height in acute (less than 10 weeks from the injury) versus chronic (more than four months from the injury) OVCF patients. While Oswestry Disability Index (ODI) showed improvements in almost all patients, vertebral body height improved more in the acute group. Moreover, vertebral height loss occurred in (8%) of the acute fractures and (20%) of the chronic fractures after the kyphoplasty. Accordingly, they concluded that acute OVCF would benefit more from the kyphoplasty [18] .
Erkan et al. also compared the clinical and radiologic outcomes, as well as the complication rates of symptomatic acute (<10 weeks from the injury) and chronic (>16 weeks after the injury) OVCF patients treated with kyphoplasty. Based on their results, the Oswestry Disability Index, visual analog scale, patients' satisfaction scale, and medication usage significantly showed improvements in both groups. However, these improvements were greater in the acute group. Furthermore, vertebral height, local kyphosis angle, and dynamic fracture mobility significantly improved in both groups, and again more in the acute group. However, global sagittal alignment was not significantly different between the study groups. Based on these results, they concluded that the timing of kyphoplasty was essential, as the clinical and radiological outcomes were mostly better in acute OVCF than in chronic OVCF [13] .
To the best of our knowledge, no study has evaluated the effect of kyphoplasty timing on the spinopelvic parameters of sagittal alignment. The results of this study revealed that the timing of kyphoplasty affected the improvement of spinopelvic parameters, as well as the reduction of pain and restoration of vertebral height. In this regard, the LL improvement was significantly greater in the acute OVCF compared with the chronic OVCF.
The present study had some limitations. First of all, the small size of the sample, particularly in the acute group, might have affected the power of statistical analyses and could be regarded as the main limitation of this study. Moreover, the timing of kyphoplasty was heterogeneous so that it ranged from 3-30 days in the acute group and 60-360 days in the chronic group. Thus, future controlled studies are required to fully elucidate the importance of kyphoplasty timing on the spinopelvic parameters of the spine in OVCF patients.
